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VISCOSITY MEASUREMENT APPARATUS 



BACKGROUND OF THE INVENTION 

rooi] The present invention is general.y re.ated to viscometers, and, more 
palarly, to a viscometer for heating a fluid and measuring temperature 
variation of the fluid to determine viscosity. 

[0021 Oil viscosity is an important physical parameter in many lubricant 
Top cations. For example, the viscosity of lubricants used in veh.c e , s 
a engine oi,s and transmission oil, is one of the Key parameters to d— e 
oi, quality and establish replacement intervals. A vanety of v,scos,ty 
measurement means have been developed for this purpose. 
[0 03, One Known method of measuring viscosity of a flu, I is ,c . measure 
Lges o, behavior of system damping due to changes ,n the teste flu ^ 
viscosity A mechanical dynamic system, typically a vibrat,on system is used 

iaboratory environment, it does not appear to be su.ted for v hcle 
appLions because o, the complexity of the system and potent a 
ma lance and serviceability problems. Other Known viscometers 
Z crystal oscillators to measure viscosity of afluid. The viscosity o he 
d affects the resonant frequency of the crystal and also causes a^e 
de ,ay between an input and an output signal. These P«"~^£ 
monLed and measured to determine a viscosity of the tested flu* 
However such a test system may be expensive and difficult to package. Ye 
anl way to measure viscosity is to heat the tee, fluid and measure the 
emperature variation of the fluid as the fluid moves in response to «h 
hea ng. For example, it is Known that a comparatively lower v,s-ty fluid 
wi „ flow faster than a comparatively higher viscosity fluid when heated. 
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BRIEF SUMMARY OF THE INVENTION 

[004, Generally, .he present invention fulflUs the foregomg needs by 
2ln 8 in one aspeo, thereof a viscosity measurement ^ 
buiar flow guide for receiving a fluid a, an inie. end and discharge th <lu,d 
I n outlet end. The system also includes a heating element pes, on d 
aro und an exterior portion of the tubular flow guide near an ,nlet end .0 
Z ng the fluid entering the inie, end and a temperature sensor d.spo ed 
r L fluid flow channel near the outlet end for 

of the fluid proximate the sensor. The system may further ,n ,u e an 
sing jal. disposed around the heating element and the flu,d flow 
III! reducing hea, transfer between a portion o, a fluid in the flu.d flow 

channel and a portion of the fluid outside the fluid flow channel. 

[005] The present invention further fulfills the foregoing needs by providing 

immersing a fluid flow channel in a fluid and heating a porton of the flu d ,n 
"flo w channel near an inlet end of the fluid flow channel. The metho 

„ includes measuring the temperature of the fluid in the fluid flow — 
* a position downstream from the inlet end of the flow path. The method m« 

urther comprise recording temperature changes o, the fluid for a me , p nod 
2 comparing the recorded temperature change charac.enst.es to 
^pelre change charaCerisflcs for Known fluid viscosities to de.erm.ne 

the viscosity of the fluid. 



BRIEF DESCRIPTION OF THE DRAWINGS 

rooj The present invention will become apparent from the following 

LtaLd description o, the invent when read with the aocompanymg 
drawings in which: 

[007] FIG. 1 illustrates an exemplary sectional view of a viscometer. 
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[008] FIG. 2 is a block diagram representation of one exemplary 
embodiment of a controller for the viscometer of FIG. 1 . 
[0091 FIG. 3 is an exemplary graph of oi, temperature versus time of heating 
curves for various oil viscosities of fresh oils. 

[010] FIG. 4 is an exemplary graph of oil temperature versus time of heating 
curves for various oil viscosities of used oils. 

[011] FIG 5 is an exemplary graph of the times at which each of the oil 
iscosity heating curves shown in FIGS. 3 and 4 cross the 70 degrees 
temperature axis of FIGS. 3 and 4 versus a viscometer output ,ndex for 
various oil viscosities. 

DETAILED DESCRIPTION OF THE INVENTION 

,012] FIG 1 illustrates an exemplary sectional view of a viscometer 10. 
Generally, the viscometer 10 includes a fluid flow channel 12, a heating 
element 14 disposed around at leas, an exterior portion of a fluid flow channe 
,2 near an inlet end 22, and a temperature sensor 16 positioned w,.h,n the 
fluid flow channel 12 downstream of the heating element 14. The viscometer 
10 operates on the convection principle that a fluid will rise in a direction 
opposite from a force of gravity when heated. Based on this pnncple, the 
inventors have innovatively created a very accurate, yet simple, inexpensive 
viscometer that may use a single temperature sensor 16 and does not relay 
on any moving parts. The flow channe, 12 receives a fluid 20, such as o a 
an inlet end 22 and discharges the fluid 20 at an outlet end 24Jn an aspe^ 
me invention, the flow channe, 12 may be tubular. In add,»,on, the flow 
channe, 12 may be formed from two different materials. For 
upstream portion 19 of the flow channel 12, such as a portion surrounded by 
the heating element 14 may be formed from a relatively h,gh therma 
oonductive materia,, such as copper or aluminum. A downstream port,on 17 
of the flow channel 12, such as a portion housing the temperature sensor 16, 
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may be formed from e relatively low thermally conductive matena In a 
JL aspect o, me invention, a diameter, D, o, the How channe 12 m 
range JL 2 millimeters ,0.08 inches, and 3.5 millimeters (0.14 ^ 
for measuring fluids having a viscosity in the range of 10 millimeter /second 
to 60 millimetersWnd. In ye. another aspect, the flow channe, 12 may 
have a constant inner diameter. 

1013, The heating element 14 heats a portion of .he fluid 20 near the inlet 
end 22, causing the fluid 20 to flow in the flow guide 12 by convection. In one 
form, the heating element 14 may include heating wires wrapped around an 
e X ,eiorpor«ono,.heflowchanhe,12near,hein l e,end22. In anoth form 
the flow guide 12 may include a ceramic tube with a heating eiernen 4 o 
example, painted around a portion of the exterior of the ceramic tube nea the 
I t end 22. An aspect of the present invention that is padicua 
advantageous is the fact that the heating element 14 ,s arrang not to 
interfere with the fluid 20 flow that passes through the flow ™ ^ Th 
avoids or reduces the possibility of turbulence formation ,n the fluid 20 
passing through the flow channel 12. Turbulent in the flu.d 20 ,s not 
SL since this could affect the accuracy o, the viscometer 10. According 
t0 th e convection principle, a lower viscosity fluid will flow away from 
heating element 14 at a faster rate than a higher viscosity fluid, as the ft ids 
S eated by the same amount. According,, by monitoring temperature 
change o, the fluid 20 over time, viscosity o, the fluid 20 can be determine ^ 
TO monitor the temperature o, the fluid 20, the temperature sensor 16 s 
positioned within the fluid flow channe, 1 2 downstream of the hea ,ng tomen, 
14 at a distance L, such as from 3 millimeters (0,2 inches) to 10 m,l„met 
(0.4 inches), for measuring a temperature of the fluid 20 as i, passes by the 
ensor 16. In an aspect o, the invention, the temperature sensor 16 may be 
m3 de as small as practice, to prevent ,urbu,ence in the flow channel 12 near 
the sensor 16, which might affect a temperature measurement. For example 
the temperature sensor 16 may be a resistive temperature dev,ce RTD 
having a length of approximately 2 millimeters (0.06 inches), and a w,d.h and 
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depth o. approximately 0.5 millimeters (0.02 inches), and having a low thermal 
ma ora Lively fast temperature response time such as 0, second. By 
Zudng the temperature o. the fluid flowing through the fluid flow channel 
71 L the viscosity of the fluid 20 can he determined by compan 
.corded temperature change characteristics to temperature change 
characteristic for know fluid viscosities as may be stored in a database. 
[0 14] in one aspect of the invention, the viscometer 10 may be immersed in 

Accordingly, a heated fluid 20 rises in the fluid flow channel 12 away from the 
Z g element 14 towards the temperature sensor 16 in a direction oppos 
from the force of Earths gravity. For example, .he v,scometer may be 
Zersed in an oi, pan of an engine in an orientation aligned with .e force . 
Earths gravity, such as vertically in the oil pan. The v.scome.er 10 m y also 
Ide a thermally insulating iacke, 18 disposed around the hewing — 
14 and the fluid flow channe, 12. The insulating jacket serves - « 
transfer from a portion of the fluid 20 flowing in the flow channe, 12 and the 
portion of the fluid 20 outside of the flow channel 12. 

[015] A method o, operating the viscometer 10 to determine a viscosity of a 
u ,d 20, such as oil, may include initially immersing the viscometer the flu d 
20 so that the fluid 20 fills the fluid flow channel 12. A porflon o , e , , d 
near the inlet end of the fluid flow channe, 12 is then heated. As the eated 
uid 20 rises, the temperature o, the fluid 20 in the fluid flow channe, 
measured at a position downstream from the inlet end 22 o, the flow p* 
Z mperature changes of the fluid 20 are then recorded for a time peno 
end the recorded temperature change characteristics are 
temperature change characteristics for known fluid viscosities ;tc , es, b ^ 
viscosity o, the fluid 20. For example, to measure the v,scos,ty of a 
component in a vehicle, such as in a land vehicle, a watercraft, or an — 
me viscometer is immersed in the lubricant, vertically with respect to the force 
of gravity. In one form, viscosity is measured while the vehicle ■ in a non- 
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operational state. The lubrioant may be allowed to coo, down to a des,red 
temperature after an operating period. For example, engine oi, may be 
allowed to coo, down to 70 degrees centigrade before performing a 
me asurement. When the lubricant has cooled dow, to the de ,red 
temperature, the heating element 14 may be turned on, such as by applying 
an energizing voitage to the eiemen, to achieve a constant power ou pu o 
the heating element 14, to heat a portion of the lubricant near the inlet 22 of 
the fluid flow channel 12. 

,016, The inventors have experimentally observed that the duration of the 
heat applied and the amount of temperature change imparted to the flow 20 
lay affect the temperature measurement. For exampie, fl the heaflng 
e,ement 14 is allowed to apply relatively excessive heat to the fluid, 
turbulence in the flow channel 12 may be created due to the excessrve 
beating. This could result in inaccurate temperature readings Converse.** 
, he fluid 20 is not heated enough, the fluid 20 may rise too slowly ,n t e ow 
channel 12 and may lose heat while traveling from the vicinity of the hea ng 
element 14 to the temperature sensor 16. Accordingly, in one exempary 
embodiment, the heating element 14 may be powered for approximately 2 to 
3 minutes, and may be provided with an appropriate amount of power to raise 
the temperature of the lubricant in the vicinity of the heating eiemen. 14 
approximately five to ten degrees centigrade higher than the des.red 
temperature to achieve repeatable results. 

[017] The inventors have also experimentally observed that the distance L 
between the heating element and the temperature sensor 16 may affect 
temperature reading repeatability. For example, if the temperature sensor 6 
is too close to the heating element 14, the heat transfer may occur a.ong the 
walls of the flow channel 12. Conversely, if the temperature sensor 16 ,s 
mounted too far away from the heating element 14, the fluid may loose some 
heat to the flow channel 12 while traveling from the vicinity of me heaflng 
element 14 to the temperature sensor 16. Accordingly, in one exemp ary 
embodiment, the temperature sensor 16 may be positioned approx,mate,y 3 
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t0 10 millimeters away from the heating eiemeht 14 to achieve repeatabiiity in 
temperature measurements. 

[018, Once the temperature measurements have been recorded over tim* 
the recorded temperature chan 8 e characteristics can be ^ * 

temperature change characteristic ,or Known fiuid viscos,t,es to estob« he 
viscosityofthe fluid 20. For exampie, FIGS. 3 and 4 are exemp stf 
oi, temperature versus time for various oi, viscosities measured and plotted 
using the viscometer 10 o, the present invention. HG. 5 . an example^ 
Z o. «- at which each o, the oi, viscosity heating curves — 
FlGS 3 and 4 cross the 70 degrees temperature axis of F,GS. 3 and 4 versu 
a viscometer output index for various oi, viscosities. A viscosity 
respective oii may be caiculated by integrating the correspond^ p otted 
vislty curve over time to obtain an area under the viscosity curve that ,s 
proportional to the viscosity of the oi,. 

miq By comparing the known temperature change characteristics of the oil 
lies shown in FIGS. 3 and 4 to recorded temperature Chang 
Zceristtcsofatested oil, the viscosity of the tested 
by determining how well the tested oi, temperature charactensb.es mat the 
temperature characteristics of a known oi, viscosity. For example, a 
Zlated index for a tested oi, may be compared to an index for a known 
viscosity to determine if the indexes match. If the indexes match, then the 
viscosity of the tested oil is the same as the known oil. 
[0201 To provide a viscosity measurement, the viscometer 10 may also 
Lde a contro„er 26 as shown in FIG. 2. Generally, the 
incudes a processor 28 for regulating the heating element 14 and read.ng the 
temperature sensor 1 6. For example, the processor may be a m,croprocesso 
I a custom processing device, such as a reconfigure algorithm process 
RAP, The processor 28 may be configured to control the time dura on that 
Le tt ating element 14 is turned on and control the power applied 
heating element 14 for making a viscosity measurement. The controller 26 
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the computer program code loaded , to ^ 
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,or exampie in land vehicies, watercraft, and aircraft. The sma„ size, relabve 
» and reiative .expense of me V— aiiow ft to be used ,n a 

X components, inciuding lubricated components such as ,n ,n,e 
Tlsfion engines, —ions, and hydra* systems. Adding, 

intended that the invention be limited on,y by the spin, and scope 



appended claims. 
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